Supplementary
. XLF sequence alignment. Highly conserved residues are colored as follows: hydrophobic (yellow), positive (blue), negative (red), small polar (green), large polar (purple), cysteine (cyan), glycine and proline (brown). Triangles indicate: end of protein in crystal structure Q224 (yellow), DNA binding mutant K293A (green), residues at XRCC4-XLF interface burying 0-20, 20-50, 50-170 Å 2 (light blue, red and black respectively). Hinge region, at which point the tails reverse direction, is underlined in black. Figure S3 . DNA binding analysis of XLF and XRCC4 filament mutants. Previously reported XLF and XRCC4 mutations that prevent filament formation were analyzed for DNA binding activity (1) . Figure S4 . Refined 2fo-fc electron density map of XRCC4-XLF. The electron density of XRCC4

157 -XLF 224 after refinement is displayed. Tables   Supplementary Table S1 . DNA binding activity of XRCC4 mutants with mutations between amino acids 157-200. 
XRCC4 Mutant Binds DNA
C93A/C165A + R161Q/K164Q a + C165F + C165A/K169V/L172E - K169A +/- K169E - E170A - F180D/I181D +/- L184Q/K187D/I191S b - K187D/K188D - I191D/L194E/L198E - R192A - H195D - a
Electrophoretic Mobility Shift Assays for DNA Binding: DNA Substrate Preparation
The 1000 bp DNA substrate was prepared by PCR using Phusion DNA polymerase (NEB), primers 5'-GAGTTTTATCGCTTCCATGAC and 5'-AATTTATCCTCAAGTAAGGGGC and PhiX174 DNA as template. The PCR product was purified by gel electrophoresis and QIAquick Gel Extraction Kit (QIAGEN) and stored in 10 mM Tris pH 8, 1 mM EDTA.
DNA Bridging Assay
The one-end biotinylated 1000 bp DNA substrate was prepared by PCR using Phusion DNA polymerase, primers 5'-Biotin-GAGTTTTATCGCTTCCATGAC and 5'-AATTTATCCTCAAGTAAGGGGC and PhiX174 DNA as template. The 500 bp DNA substrate was similarly prepared using primers 5'-GAGTTTTATCGCTTCCATGAC and 5'-CAGAAAATCGAAATCATCTTC. PCR products were purified and stored as described above. and checked for purity by gel electrophoresis.
XRCC4-XLF complexes were formed in 20 µl reactions containing 2µM XRCC4, 2µM
XLF, 20mM HEPES-KOH (pH8), 50mM KCl, 1mM DTT, 0.5mM EDTA, 5% glycerol.
Complexes of XRCC4-XLF-DNA were produced by addition of 7.5µM DNA (concentration in bp) in reaction described above. Where present, DNA Ligase IV BRCT domains were added to binding reaction with final concentration of 2µM. Reactions were incubated at 19 0 C for 10 min and then placed on ice. Reactions were diluted 40-fold in reaction buffer just before deposition.
Mica was freshly cleaved and treated with 90mM spermidine. After 20 s spermidine was removed by washing with reaction buffer. The excess buffer was removed and diluted reaction mixture was transferred to mica. After 15 s the mica was washed with water and dried in a stream of filtered air.
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